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(54) Venous thromboembolism preventing apparatus 



(57) An apparatus (10) for preventing' a venous 
thromboembolism of a living subject (12), Including an 
inflatable cilff (1 6) which is adapted to be wound around 
a body portion of the subject and applies a pressing 
pressure to the body portion so as to press the body 
portion and thereby prevent the venous' thromboembo- 
lism; ■ a blood-pressure-relatlng-information obtaining 
device (50) which obtains blood-pressure-relating infor- 
mation which changes corresponding to blood pressure 
of the subject; a pressing-pressure determining device 
(52) for determining the pressing pressure of the inflat- 



able cuff, based on the blood-pressure-relating informa- 
tion obtained by the biood-pressure-relating-information 
obtaining device, according to a prescribed relationship 
between pressing pressure and btood^ressure-relating 
information, in which the pressing pressure increases 
as the Wood pressure corresponding to the blood-pres- 
sure-relating information increases; and a pressing de- 
vice (54) which operates the inflatable cuff to apply the 
pressing pressure determined by the pressing-pressure 
determining device, to the body portion of the subject so 
as to press the body portion and thereby prevent the 
venous thromboembolism. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 J The present invention relates to an apparatus 
for preventing a venous thromboembolism of a living 
subject by pressing a body portion of the subject. The 
present invention also relates to an apparatus for pre- 
venting a venous thromboembolism of a living subject 
by pressing an inferior limb of the subject starting with 
a distal-side portion of the limb and thereby promoting 
flow of biood in veins of the limb. 

Related Art Statement 

[0002] Before or after a surgical operation, a patient 
needs to rest on a bed without moving his or her superior 
' or inferior limbs for a long time, if the patient does not 
move his orhersuperior or inferior limbs fora long time, 
then blood tends to stay in large venous sinuses that 
are p resent in muscles and are free of vai vee. Normally, 
the contractions of the muscles send the blood staying 
in the veins, back to the central side, i.e., the heart. In a 
special case, however, in which the patient's muscle 
force is not so strong, the blood cannot flow so fast and 
accordingly tends to stay in the veins. Thus, the patient 
may suffer thrombi (or phiebothrombosis). The phle- 
bothrombosis tends to occur to calves of inferior limbs. 
[0003] If thrombi occurto veins of a patient, he or she 
feels pains, or suffers swelling or pressure pains, around 
the veins. In addition, if the thrombi (or clots) grow up 
and then flow through the veins to the iungs, they clog 
up the pulmonary arteries, thereby producing pectoral- 
gia, respiration distress, or expectoration {I.e., venous 
thromboembolism). 

[0004] There has been known a venous thromboem- 
bolism preventing method in which superior or inferior 
limbs are intermittently pressed to promote flow of blood 
i n veins, and there has been proposed a venous throm- 
boembolism preventing apparatus which can carry out 
this method. This apparatus includes an inflatable cuff 
which is adapted to be wound around a body portion, 
such as an Inferior limb, of a living subject and which is 
inflatable to press the body portion and thereby promote 
flow of blood ih veins. Since promoting flow of blood in 
veins prevents phlebothrombosis, it also prevents ve- 
nous thromboembolism. 

[0005] However, in the above-indicated conventional 
venous thromboembolism preventing apparatus, the 
cuff applies a prescribed pressing pressure to a body 
"-"p-brtiohDfapfiftenf Thu<. p M&c th* aressmg 
pressure Is too low to sufficiently prevent phlebothrom- 
bosis, or is too high and causes the patient to feel un- 
necessary pains, 

[0008] In addition, there has been proposed another 
venous thromboembolism preventing apparatus which 



includes a plurality of pressing bands which are adapted 
to be wound around respective portions of an inferior 
Bmb of a living subject such that the pressing bands are 
located on both sides of the caif of the inferior limb, and 

s apressingforce of each of which is changeable to press 
the inferior fimb, starting with a distal-side portion of the 
limb, and thereby promote flow of biood in veins of the 
limb so as to prevent venous thromboembolism. 
[00071 However, the above-Indicated second venous 

io thromboembolism preventing apparatus periodically 
presses the Inferior limb at a prescribed pressing period. 
Thus, the conventional apparatus presses the inferior 
limb even In a state in which there is no concern about 
venous thromboembolism, and causes a patient to feel 

is unnecessary pains. In particular, if an inferior limb of a 
patient who is sleeping Is pressed at a prescribed peri- 
od, he or she cannot deeply sieep. 

SUMMARY OF THE INVENTION 

20 

[0008] ftistherefore an object of the present invention 
to provide a venous thromboembolism preventing ap- 
paratus which applies an appropriate pressing pressure 
lo a body portion of a living subject so as to prevent ve- 

25 nous thromboembolism. 

[0009] To this end, Inventors have carried out exten- 
sive studies and have found that when an inflatable cuff 
is used to press a body portion of a patient to promote 
flow of biood, It Is needed to apply a higher pressing 

so pressure to the body portion of the patient who has a 
higherblood pressure. In otherwords, a lower pressing 
pressure can be applied to a body portion of a patient 
who has a iowerblood pressure, without causing the pa- 
tient to feel unnecessary pains. The present Invention 

35 has been developed based on this finding. 

[0010] The above object has been achieved by the 
present invention. According to a first aspect of the 
present Invention, there is provided an apparatus for 
preventing a venous thromboembolism of a living sub- 

40 ject, comprising an Inflatable cuff which Is adapted to be 
wound around a body portion of the subject and applies 
a pressing pressure to the body portion so as to press 
the body portion and thereby prevent the venous throm- 
boembolism; a blood-pressure-relating-information ob- 

« talning device which obtains blood-pressure-relating In- 
formation which changes corresponding to blood pres- 
sure of the subject; a pressing-pressure determining 
means for determining the pressing pressure of the in- 
flatable cuff, based on the blood-pressure-relating infor- 

50 mation obtained by the blood-pressure-relating-infor- 
matiori obtaining device, according to a prescribed re- 
latjonshp between pressing pressure and blood-pres- 
"■stlre^re)¥fJfi'g rmaticn; 1ri"v' h"t ?r 
■ sure increases as the biood pressure corresponding to 

55 the blood-pressure-relating information increases; and 
a pressing device which operates the inflatable cuff to 
appfy the pressing pressure determined by the press- 
ing-pressure determining means, to the body portion of 
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the subject so as to press the body portion and thereby 
prevent the venous thromboembolism. 
[00111 In this venous thromboembolism preventing 
apparatus, a higher pressing pressure Is determined, by 
the pressing-pressure determining means, based on a 
higher blood pressure corresponding to a piece of 
blood-pressure-relating information actually obtained. ■ 
That Is, a lower pressing pressure Is determined, by the 
pressing-pressure determining means, based on a low- 
er blood pressure corresponding to a piece of blood- 
pressure-relating Information actualiy obtained. Since 
the pressing device operates the inflatable cuff to press, 
with the thus determined pressing pressure, the body 
porllo n of the livin g subject, the body portion is pressed 
with the appropriate pressing pressure. 
[001 21 It Is another object of the present invention to 
provide a venous thromboembolism preventing appara- 
tus which presses an inferior limb of a living subject only 
a minimized number of times. 
[001 3J To this end, inventors have earned out exten- 
sive studies and have found that if an inferior limb is 
pressed onfy when phlebostasis as asign of thrombi oc- 
curs to cnemial veins, the number of pressing times can 
be minimized. The present invention has been devel- 
oped based on this finding. 

[0014] The above second object has been achieved 
by the present invention. According to a second aspect 
of the present Invention, there is provided an apparatus 
for preventing a venous thromboembolism of a living 
subject, comprising at least two pressing bands which 
are adapted to be wound around a disia!-side portion 
and a proximal-side portion of an inferior limb of the sub- 
ject lhat are located on a distal side and a proximal side 
of a calf of the inferior limb, respectively, and which apply 
respective changeable pressing forces to the distal-side 
portion and the proximal-side portion , such that a distal- 
side one of the pressing bands earlier starts applying a 
corresponding one of the changeable pressing forces to 
the distai-side portion than the other, proximal-side 
pressing band starts applying the other changeable 
pressing force to the proximal-side portion, so as to pro- 
mote flow of biood In veins of the inferior limb and there- 
by prevent the venous thromboembolism; a phlebosta- 
sis-relating-information obtaining device which obtains, 
from at least physical information obtained from a distai- 
side portion of the inferior limb that is located on a distal 
side of a knee of the subject, phlebostasis-relating in- 
formation which changes in relation with phlebostasis of 
the veins of the inferior limb; a phlebostasis judging 
means forjudging thai the veins of the inferior limb have 
phlebostasis, when the phiebostasis-relating Informa- 
tion obtained by the phlebostasis-relating-informatlon 
obtaining device does notfall within a reference range; 
and a blood-flow promoting means for operating, when 
the phlebostasis judging means Judges that the veins of 
the inferior limb have phlebostasis, the distai-side and 
proximal-side pressing bands to apply the respective 
changeable pressing forces to the distal-side and prox- 



imal-side portions of the inferior limb, such that the dis- ' 
tai-side pressing band earlier starts applying the one 
changeable pressing force to the distal-side portion of 
the inferior limb than the proximal-side pressing band 

s starts applying the other changeable pressing force to 
the proximal-side portion of the Inferior limb, so as to 
promote the flow of blood in the veins of the inferior limb 
and lhereby prevent the venous thromboembolism. 
IPQ15J. In this venous thromboembolism preventing 

io apparatus, the phlebostasis judging means judges that 
the ve'ms of the inferior limb have phlebostasis, based 
on whether the phlebostasis-relating Information ob- 
tained by the phlebosiasis-relating-Information obtain- 
ing device does not fall within the reference range and, 

is only when the veins of the inferior limb is judged to have 
phlebostasis, the blood-ttow promoting means operates 
the plurality of pressing bands to press the inferior limb 
and thereby promote the flow of blood in the veins. Thus, 
the number of pressing times can be minimized. 

so [001 6J According to a prefened feature of the second 
aspect of the present invention, the presenting appara- 
tus further comprises a superior-lrmb-blood-pressure 
measuring device which iteratively measures a superi- 
or-iimb biood pressure of a superior limb of the subject; 

ss and an inferior-Iimb-biood-pressure measuring device 
which Iteratively measures, as the physfca! information, 
an inferior-limb blood pressure of the distai-side portion 
of the inferior limb that is located on the distal side of 
the knee, and the phlebostasis-relating-informatlon ob- 

30 taining device iteratively obtains a piece of phlebostasis- 
relating information based on each of the superbr-fimb 
blood bressure values iteratively measured by the su- 
perior-limb-blood-pressure measuring devicB and each 
of the inferior-limb blood pressure vaiues iteratively 

35 measured by the Inferior-timb-blood-pressure measur- 
ing device. 

[0017] When phlebostasis occurs to the veins of the 
inferior limb, the inferior-limb blood pressure increases. 
On the other hand, the superior-limb blood pressure is 

w not influenced by the phlebostasis of the veins of the 
inferior limb. Therefore, the phlebostasis-relating infor- 
mation can be obtained based on the superior-limb 
blood pressure and the inferior-limb blood pressure. 
[001 8] According to another feature of the second as- 

« pect of the present Invention, the presenting apparatus 
further comprises an infsrlor-iimb-puise-wave detecting 
device which detects, as the physical information, an in- 
terior-limb pulse wave from the distal-side portion of the 
Inferior limb that is located on the distal side of the knee; 

so and a pulse-wave-amplitude determining means for de- 
termining an amplitude of each of heartbeat-synchro- 
nous pulses of the inferior-limb puise wave detected by 
the Inferior-iimb-putse-wave detecting device, and the ■ - 
phfebostasls-relating-information obtaining device iter- 
ativeiy obtains a piece of phlebostasis-relating informa- 
tion based on the determined amplitude of the each of 
the heartbeat-synchronous pufses of the inferior-limb 
pulse wave. 
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[001 9J When phlebostasis occurs to the veins of the 
inferior limb, those veins resist Si e flow of blood present 
on the distal side of the knee of the inferior limb, in this 
case, the amplitude of each heartbeat-synchronous 
pulse of the inferior-limb pulse wave detected by the in- 
ferior-limb-pulse-wave detecting device decreases. 
Therefore, the phiebostasis-reiating information can be 
obtained based on the amplitude of each heartbeat-syn- 
chronous pulse of the inferior-limb pulse wave. 
[0020] Accordingto anoiherfeatureofthesecondas- 
pect of fiie present Invention, the presenting apparatus 
further comprises an inferior-limb-pulse-wave detecting 
device which detects, as the physical information, an in- 
ferior-limb pulse wave from the distal-side portion of the 
inferior limb that is located on the distal side of the knee; 
and a sharpness-degree determining means for deter- 
mining a degree of sharpness of each of heartbeat- syn- 
chronous pulses of the inferior-limb pulse wave detect- 
ed by the inferior-limb-pulse-wave detecting device, and 
the phlebostasls-relauhg-information obtaining device 
ilerauvely obtains a piece of phlebostasis- relating infor- 
mation based on the determined degree of sharpness 
of the each of the heartbeat-synchronous pulses of the 
inferior-limb pulse wave. 

[0021] When phlebostasis occurs to the veins of the 
inferior limb, those veins resist the flow of blood present 
on the distal side of the knee of the inferior limb. In this 
case, the shape of each heartbeat-synchronous pulse 
of the inferior-limb pulse wave detected by the inferior- 
Dmb-putee-wave detecting device becomes duller. 
Therefore, the phiebostasis-reiating information can be 
obtained based on the sharp degree of each heartbeat- 
synchronous pulse of the inferior-limb pulse wave, 
[0022] According to anotherfeature of the second as- 
pect of the present invention, the presenting apparatus 
further comprises a weight measuring device which sup- 
ports an under-knee portion of the inferior ilmb of the 
living subject who Is taking a face-up position, and which 
iteratfvely measures a weight of the under-knee portion, 
wherein the phlebostasis-relating-infarmation obtaining 
device fteratively obtains a piece of phiebostasis-relat- 
ing information based on each of the iterativery meas- 
ured weights of the under-knee portion. 
[0023] When phlebostasis occurs to the veins of the 
inferior limb, the weight of the under-knee portion of the 
inferior limb increases by the amount of blood staying 
in the veins, and accordingly the weight of the under- 
knee portion fteratively measured by the weight meas- 
uring device gradually increases. Therefore, the phle- 
bostasis-relating information can be obtained based on 
each of the weights of the under-knee portion fteratively 
measured by the weight measuring device. 

pect of the present invention, the presenting apparatus 
further comprises a circumferential-length measuring 
device which iterattvely measures a- circumferential 
length of a portion of the inferior limb that is located be- 
tween a knee thereof and an ankle thereof, wherein the 



phtebostasis-relab'ng-information obtaining device iisr- 
ativeiy obtains a piece of phiebostasis-reiating informa- 
tion based on each of the fteratively measured circum- 
ferential lengths of the under-knee portion. 
s rO025] When phlebostasis occurs to the veins of the 
inferior limb, the circurrrferential length of the portion of - 
the inferior limb located between its knee and its ankle 
increases by the amount of blood staying in the veins. 
Therefore, the phiebostasis-reiating information can be 
w obtained based on each of the iterativety measured cir- 
cumferential lengths of any portion of the inferior portion 
located between its knee and its ankle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

fS 

[0026] The above and optional objects, features, and 
advantages of the present invention will be better un- 
derstood by reading th e following detailed description of 
the preferred embodiments of the invention when con- 
20 sidered In conjunction with the accompanying drawings, 
in which: 

Fig. 1 Is a diagrammatic view for explaining a con- 
struction of a venous thromboembolism preventing 
25 apparatus to which the present invention is applied; 
Fig. 2 is a block diagram for explaining essential 
functions of a control device of the apparatus of Fig. 
1; 

Fig. 3 is a graph showing a pre-stored relationship 
30 between blood-flow promoting pressure PP and di- 
astolic blood pressure BP(DIA); 
Fig. 4 is a flow chart representing a blood-flow-prd- 
moting-pressure determining routine according to 
which the control device Df Fig. 2 operates; ' 
35 Fig. 5 Is a flow chart representing a blood-flow pro- 
moting routine according to which the control device 
of Fig. 2 operates; 

Fig. 6 is a graph showing respective ankle pulse 
waves ML which are detected by a pulse-wave filter 
& circuit ofthe apparatus of Fig. 1 when on emial veins 
have phlebostasis and when cnemiat veins do not 
have phlebostasis; 

Fig. 71s a diagrammatic view corresponding to Fig. 
1 , for explaining a construction of another venous 
is thromboembolism preventing as a second embod- 
iment of the present invention; 
Fig. 8 is a block diagram corresponding to Fig. 2, 
for explaining essential functions of a control device 
of the apparatus of Fig. 7; 
Rg: 9 is a flow chart representing a control program 
according to wh ich the control device of Rg. 1 0 op- 

'■■^•"'-'-^ 

measuring routine which is carried out at Step SA4 
ss of Fig. S; 

Fig. 11 is aflowchart representing a blood-f low-pro- 
motion control routine which is carried out at Step 
SA8 of Fig. 9; 



4, 
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Fig. 12 is a graph representing respective changes 
of respective pressing pressures P ATO c, PpfiDO of 
a right-femur cuff- and a right-ankle cuff according 
to the blood-flow- promotion control routine of Fig. 

11; 

Fig. 1 3 is a diagrammatlcview corresponding to Fig. 
1 , for explaining a construction of another venous 
thromboembolism preventing as a third embodi- 
ment of the present invention; 
Fig, 14 is a block diagram corresponding to Rg. 2, 
for explaining essential functions of a control device 
of the apparatus of Fig, 13; 
Rg. 15 is a flow chart representing a control pro- 
gram according to which the control device of Rg. 
11 operates; 

Fig. 1 6 Is a diagrammatic view corresponding to Rg. 
1 , for explaining a construction of another venous 
thromboembolism preventing as a fourth embodi- 
ment of the present invention; 
Fig. 17 is a block diagram corresponding to Rg. 2, 
for explaining essential functions of a control device 
of the apparatus of Rg. 1 6; 
Fig. 18 is a graph showing a heartbeat-synchronous 
pulse of a photoelectric pulse wave detected by a 
photoelectric-pulse-wave sensor shown in Rg. f 7; 
Fig. 1 9 is a block diagram corresponding to Fig. 2, 
for explaining essentia! functions of a control device 
of another venous thromboembolism preventing as 
a fifth embodiment of the present invention; 
Fig. 20 is a view of a circumferentiaJ-iength-change 
measuring device which is employed in another ve- 
nous thromboembolism preventing as a sixth em- 
bodiment of the present invention; and 
Fig. 21 is a block diagram corresponding to Rg. 2, 
for explaining essentia! functions of a control device 
of the apparatus of Fig, 20. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0027] Hereinafter, there will be described an embod- 
iment of the present invention In detail by reference to 
the accompanying drawings. Fig. 1 is a diagrammatic 
view showing a construction of a venous thromboembo- 
lism preventing apparatus 10 to which the present in- 
vention is applied, 

[0028] In Fig. 1, the venous thromboembolism pre- 
venting apparatus 10 includes an inflatable cuff (i.e., a 
pressing band) 16 which is adapted to be wound around 
an ankle 14 of a patient 12 who is taking a face-up po- 
sition. The cuff 16 Includes a belt-Sike outer bag which 
isformedof non-stretchablecloth or polyester and a rub- 
ber bag accommodated in the-outer bag and which ti as 
a width of, e.g., 12 cm. 

[0029] The cuff 1 6 is connected to a pressure control 
valve 20 and a pressure sensor 22 via a piping 1 8. The 
pressure control valve 20 is connected to an air pump 
28 via a piping 24, 



[0030] . The pressure sensor 22 detects an air pres- 
sure in the cuff 16, and supplies a pressure signal SP 
representing the detected pressure, to each of a static- 
pressure filter circuit 28 and a pulse-wave filter circuit 
s 30. The pressure control valve £0 Is selectively placed 
in a pressure-supply position in which the control vaive 
2D permits a pressurized air to be supplied from the air 
pump 2B to the cuff 16, a pressure-keep position in 
which the control valve 20 keeps the air pressure in the 
10 cuff 15, a slow-deflation position in which the control 
vaive 20 permits the pressurized sir to be slowly dis- 
charged from the cuff 1 6, and a quick-deflation position 
in which the control valve 20 p ermits the pressurized air 
to be quickly discharged from the cuff 1 6. 
is [0031 J The static-pressure filter circuit 28 includes a 
low-pass f literand extracts', from the pressure signal S P, 
a static-pressure component PC contained in the signal 
SP, i.e., a cuff-pressure signal SC representing the static 
pressure PC in the cuff 1 6. The cuff-pressure signal SC 
50 is supplied to a control device 34 via an A/D {analog-tc- 
digital) converter 32. The pulse-wave filter circuit 30 in- 
cludes a band-pass fitter and extracts, from the pressure 
signal SP, an oscillating component having predeter- 
mined frequencies, I.e., a pulse-wave signal SM. The 
25 pulse-wa've signal SM is supplied to the control device 
34 via an A/D converter 36. The pulse-wave signal SM 
represents a cuff pulse wave, i.e., a pressure wave 
which is produced from an artery of the patient in syn- 
chronism with the heartbeat of the patient and is prop- 
so agated to the cuff 18. 

[0032] The control device 34 is provided by a so- 
called microcomputer including a CPU (central process- 
ing unit) 3B, a ROM (read only memory) 40, a RAM (ran- 
dom access memory) 42 and an I/O (input-and-output) 
35 port, not shown. The CPU 3B processes signals accord- 
ing to control programs pre-stored in the ROM 40 by uti- 
lizing a temporary-storage function of the RAM 42, and 
supplies control signals to the pressure control valve 20 
and the air pump 26 through thB I/O port. In addition, 
40 the CPU 38 determines, based on the cuff-pressure sig- 
nal SC supplied from the static-pressure filter circuit 28 
and the puise-wave signal SM supplied from the pulse- 
wave filter circuit 30, a blood-pressure (BP) value of the 
patient and a p ressing pressure P P of the cuff 1 6 to pro- 
is mote flow of blood of the patient (hereinafter, referred 
to as the blood-flow promoting pressure PP). 
[0033] The present apparatus 10 further includes a 
START/STOP switch 44 which supplies, each time It is 
operated by an operator, a START/STOP signal SS to 
so the control device 34 so as to alternately start and stop 
the apparatus 10. 

rj0O34] Fig. 2 is a block diagram for explaining essen- 
■■ - tial functions of the control device 34. In the figure;-e r -- 

blood-pressure (BP) determining means 50 as a BP-re- 
ss laiing-information obtaining means is started when the 
control device 34 receives a START/STOP signal SS 
from the START/STOP switch 44 In a state In which the 
present apparatus 10 is stopped. The BP determining 
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means 50 changes Ihe cuff pressure PC by contrasting 
the air pump 26 and the pressure control valve 20, and 
determines a BP vaiue BP of the patient based on the 
cuff-pressure signal SC and the pulse-wave signal SM 
which are obtained while the cuff pressure PC Is 
changed. More specifically described, first, the BP de- 
termining means 50 controls the air pump 26 and the 
pressure control valve 20 to quickly increase the cuff 
pressure PC up to a prescribed target pressure P CM (e. 
g., 1 BO mmHg) and then slowly decrease the cuff pres- 
sure PC at a rate of 3 mmHg/sec. Subseq uentiy, the BP 
determining means 50 determines, based on the cuff- 
pressure signal SC continue usly supplied from the stat- 
ic-pressure filtercircuitafl andthe pulse-wave signal SM 
continuously supplied from the pulse-wave filter circuit 
30 during the slow decreasing of the cuff pressure PC, 
a systolic BP value BP(SYS), a mean BP value BP 
(MEAN), and a diastolic BP value BP(DIA) of the ankle 
14 of the patient 12, according Id well-known osciilom- 
etric method. After determining the diastolic BP value 
BP(DIA), the BP determining means SO quickly deflates 
the cuff 16. 

[0035] A pressing pressure deteimining means 52 de- 
termines, based on an actual BP value BP determined 
by the BP determining means 50, a blood-flow promot- 
ing pressure PP to be used by a pressing means 54, 
described below, according to a prescribed relationship 
between blood-flow promoting pressure PP and blood 
pressure BP, The prescribed relationship Is pre-stored 
in the ROM 40. As described previously, when the cuff 
1 6 Is used to press an Inferior limb and thereby promote 
flow of blood in the inferior limb, It is desirable to apply 
a higher blood-flow promoting pressure PP to a patient 
who has 8 higher blood-pressure value BP. Therefore, 
the pre-stored relationship Is prescribed, based on ex- 
perimental results, such that blood-flow promoting pres- 
sure PP monotonousiy increases as blood pressure BP 
increases. The sort of blood pressure BP employed in 
the above relationship may be any one of diastolic blood 
pressure BP(DIA), mean blood pressure BP(MEAN), 
and systolic blood pressure BP(SYS), However, diasto- 
lic blood pressure BP(DtA) is the most preferable, be- 
cause thrombi occur to veins and diastolic blood pres- 
sure BP(DIA) most closely relates to venous pressure. 
Ftg. 3 shows an example of the prescribed relationship 
in which diastolic blood pressure BP(DiA) is employed. 
[0036] The pressing means 54 operates the cuff 1 6 to 
apply the blood-flow promoting pressure PP determined 
by the pressing pressure determining means 52, to the 
ankle 14, at a prescribed pressing periodT^. More spe- 
cifically described, the pressing means 54 controls, at 
the pressing period T 1f the air pump 26 and the pressure 
* ^-c'onfrbivllveaO.ljaseD^r r'cuff pressilrl^rpSi SC- 
supplied from the static-pressure filter circuit 28, so as 
to quickly Increase the cuff pressure PC to the blood- 
flow promoting pressure PP. Then, after the cuff pres- 
sure PC is kept at the promoting pressure PP for a pre- 
scribed pressure-keep time, or immediately after the 



cuff pressure PC reaches the promoting pressure PP, . 
the cuff pressure PC Is quickly decreased. The pressing 
period T, Is prescribed, based on experimental results, 
at, e.g., one hour. 
s rOQ37] Fig. 4 and Fig. 5 show two flow charts repre- 
senting a blood-flow-promotJng-pressure determining 
routine and a bbod-fiow promoting routine, respectively, 
according to which the control device 34 is operated. 
[003B] The blood-flow-promoting-pressure determin- 
io ing routine represented by the flow chart of Fig. 4 Is car- 
ried out when the STAFTT/STOP switch 44 is operated 
to supply the START/STOP signal SS to the control de- 
vice 34 in the state In which the present venous throm- 
boembolism preventing apparatus 10 is stopped. First, 
is at Step SA1 of Fig. '4 (hereinafter, "Step" Is omitted, if 
appropriate), the pressure control valve 20 is switched 
to the pressure-supply position, and the air pump 2S is 
started, so that quick inflation of the cuff 1 6 is started. 
Then, at SA2, the control device 34 judges whetherthe 
20 cuff pressure PC has been increased up to ihe target 
pressure P CM equal to 180 mmHg. If a negative judg- 
ment is made at SA2, SA2 Is repeated while the increas- 
ing of the cuff pressure PC is continued. 
f0039j Meanwhile, if a positive judgment is made at 
2S SA2, the control goes to SA3 to switch th e pressure con- 
trol valve 20 to the slow-deflation position, so that the 
air pressure in the cuff 1 6 is slowly decreased at the pre- 
scribed rate of 3 mmHg/sec. 

[0040] AtSA4,a BPdetermining routine is carried out, 
30 More specifically described, an amplitude of each of 
heartbeat-synchronous pulses of the pulse wave signal 
SM continuously supplied from the pulse-wave filer cir- 
cuit 30 is determined and, based on the change of the 
thus determined amplitudes, a systolic BP value BP 
as (SYS), a mean BP value BP (MEAN), and a diastolic BP 
value BP(DIA) of the patient are determined according 
So a well-known oscillometric BP determining algorithm. 
[0041] After the diastolic BP value BP(DIA) is deter- 
mined at SA4, the control goes to SA5 to switch the pres- 
to sure control valve 20 to the quick-deflation position and 
stop the air pump 26. Thus, Steps SA1 to SA5 corre- 
spond to the BP determining means 50. 
[00423 Then, the control goes to SA6 corresponding 
to the pressing pressure determining means 52. AtSA6, 
45 the control device 34 determines a blood-flow promoting 
pressure PP, based on the diastolic BP value BP(DIA) 
determined at SA4, according to the prescribed relatto n- 
ship shown in Fig. 3. 

[0043] Next, the blood-flow promoting routine shown 
so in Fig.5 will be described. At SB1 of Fig. 5, one is added 
to a number counted by a timer t Then, at SB2, a time 
represented by the number counted by the timer t has 
"^•^'•-•begnlrtefea:--- t 5%'srprE ri < i i rising-period T,"~ 
equal to one hour. While negative judgments are repeat- 
edly made at SB2, Steps SB1 and SB2 are repeated, 
so that She number counted by the timer t js increased. 
[0044] Meanwhile, if a positive Judgment is made at 
SS2, the contra! goes to SB3to reset the number count- 



11 



EP 1249 218 A2 



12 



ed by the timer T, to zero, and further to Steps SB4 to 
SB6 corresponding to the pressing means 54 so as to 
promote the blood flow of the patient. 
[0045] At SB4, the air pump 26 is re-started and the 
pressure control valve 20 is switched to She pressure- 
supply position, so that the quick inflation of the cuff 1 6 
is started. Then, at SB5, the control device 34 judges 
whether the cuff pressure PC has been increased up to 
the biood-flow promoting pressure PP determined at 
SA6 of Fig, 4. While negative judgments are repeatedly 
made at SB5, SB5 is repeated, so that the increasing of 
the cuff pressure PC is continued, Meanwhile, if a pos- 
itive judgment is made at SB5, the control goes to SB6 
to switch the pressure control valve 20 to the quick-de- 
flation position and stop the air pump 26. The blood-flow 
promoting routine of Fig. 5 is periodically carried out till 
anotherSTART/STOP. signal SS is supplied from the 
START/STOP switch '44 to the control device 34. 
[0048] As is apparent from the foregoing description 
of the embodiment that employs the flow charts shown 
in Figs. 4 and 5, the higher diastolic BP value BP(DIA) 
is actually determined at SA4, the higher blood-flow pro- 
moting pressure PP is determined at SA6 (i.e., the 
pressing pressure determining means 52). In other 
words, the lower diastolic BP value BP(DIA) is actually 
determined at SA4, the lower biood-fiow promoting 
pressure PP is determined at SA6 (I.e., the pressing 
pressure determining means 52). Since, at Steps SB4 
to SB6 (i.e., tie pressing means 54), the anfeie 14 is 
pressed with the cuff 1 6 whose pressure is equal to the 
blood-flow promoting pressure PP determined at SAS, 
the anWe 14 is pressed with an appropriate pressing 
pressure. 

[0047] While the present invention has been de- 
scribed in its preferred embodiment, the present inven- 
tion may be otherwise embodied. 
[004S] For example, the cuff 1 6 of the venous throm- 
boembolism preventing apparatus 1 0 shown in Fig.1 is 
adapted to bs worn on the ankle 14. However, it is pos- 
sible to adapt the cuff 1 6 tobe worn on a femora! portion, 
or a superior limb, such as an upper arm, of the patient. 
In addition, the venous thromboembolism preventing 
apparatus 1 0 shown in Fig.1 employs the single cuff 1 6. 
However, it is possible to employ two or more cuffs. For 
example, two cuffs may be worn on a cremial portion of 
the patient such that the two cuffs are located on both 
sides of the calf of the cremial portion. In the case where 
two or more cuffs are employed, one of the cuffs that is 
located most downstream In the -direction of flow of ar- 
terial blood is first used to press the body portion, and 
the most upstream cuff is last used to press the same, 
in order to flow venous blood toward the central side. 
-:[0049]-'Hirrfadditions-im.*e..ab9ve-described-venoiis- 
lhromboembolism preventing apparatus 1 0, the BP val- 
ue BP itself is determined as a piece of BP-reiating in- 
formation. However, it is possible to obtain, in place of 
the Bp value BP, different BP-relating information that 
relates to a BP value BP of the patient. For example, the 



BP-relathig information may be pulse-wave-propaga- 
ison-velocity-relating information relating to a velocity at 
which s puise wave propagates between two prescribed 
portions of a living body, such as pulse-wave propaga- 

s Bon velocity itself, or pulse-wave propagation time; an ■ 
amplitude or an area of a pressure pulse wave that rep- 
resents change of pressure in a blood vessel; or an am- 
plitude or an area of a volumetric pu tse wave that rep- 
resents vofume of blood. In the case where the BP-re- 

io Isting Information other than the BP value BP itselF is 
obtained, '& is possible to directly determine the blood- 
flow promoting pressure PP based on the obtained BP- 
relating information. However, it Is otherwise possible to 
additionally Bmploy a relationship determining means 

« for determining a relationship between estimated Wood 
pressure BP and BP-relatlng information; based on the 
BP value BP determined by the BP determining- means 
50 and the obtained BP-relating information, and an es- 
Bmated-BP determining means for determining, accord- 

20 ing to the thus determined relationship, an estimated BP 
value, based on each of successively obtained pieces 
of BP-retatlng information, In the last case, the pressing 
pressure determining means 52 uses the thus deter- 
mined estimated BP value as the BP-relating snforma- 

£5 tion to determine a blood-flow promoting pressure PP. 
[0050] In the case where the pulse-wave propagation 
time is obtained as the BP-reiating information, Step 
SA6 of Fig. 4 employs a prescribed relationship between 
pressing pressure PP and pulse-wave propagation 

so time, in which pressing pressure PP increases as pulse- 
wave propagation time decreases, because bloocipres- 
sure BP increases as puise-wave propagation time de- 
creases. 

[0051] In addition, in the above-described venous 

35 thromboembolism preventing apparatus 1 0, the cuff 1 6 
Is used to determine the BP value BP ofthepatientwhen 
the apparatus 1 0 is started, and the blood-flow promot- 
ing pressure PP is determined based on the BP value 
BP determined upon starting of the apparatus 1 0. Thus, 

■« while the venous thromboembolism preventing appara- 
tus 10 is continuously operated, the blood-flow promot- 
ing pressure PP is not changed. However, it is possible 
to periodically obtain, at the pressing periodT,, a piece 
of BP-refating information such as a BP value BP or a 

« piece of pulse-wave-propagatlon-veloclty-relating infor- 
mation, and periodical^ determine a blood-flow promot- ■ 
ing pressure PP at the pressing period Tj . 
[0052] In addition. In the above-described venous 
thromboembolism preventing apparatus 10, the meas- 

so urement of BP value BP, and the periodic blood-flow pro- 
moting pressing at the pressing period T1 are succes- 
sively performed when the START/STOP switch 44 is 

■y-' operated In the state-imwhich the apparatus^Ois-atrest-:-' : 
However, it is possible to employ two separate switches 

ss for commanding a BP measurement and a blood-flow 
promoting pressing, respectively. In the latter case, the 
blood-flow promoting pressing may be performed inde- 
pendent of the BP measurement. To this end, the btood- 
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flow promoting pressure PP is determined based on the 
BP value BP last determined by the BP determining 
means 50. In addition, the blood-flow promoting press- 
ing may notbe performed at the pressing period T, . For 
example, a single blood-flow promoting pressing may 
be performed upon each operation of the corresponding 
switch. 

[O0S3J In addition, in .the above-described venous 
thromboembolism preventing apparatus 10, the press- 
ing means 54 periodically presses the ankle 14 at the 
pressing period T 1 . However, the apparatus 1 Q may em- 
ploy a phlebostasls judging means forjudging whether 
an Inferior limb of a patient has phlebostasls. In this 
case, only when the phlebostasls judging means judges 
that the inferior limb of the patient has phlebostasis, the 
pressing means S4 operates the cuff 1 6 to press the an- 
kle 14. For example, the phlebostasls judging means 
may be one which finds phlebostasis when an absolute 
value of a rate of change of an amplitude A of each of 
heartbeat-synchronous pulses of an ankle pulse wave 
ML is greater than a reference value TH which is deter- 
mined in advance based on experimental results. The 
ankle pulse wave ML is represented by the pulse-wave 
signal SM which Is supplied by the pulse-wave filter cir- 
cuit 30 in a state In which the pressing pressure of the 
cuff 16 Is kept at from 20 to 30 mmHg. Fig. 6 shows 
respective ankle pulse waves ML which are detected 
when cnemiai veins do not have phlebostasls and when 
cnernlat veins have phlebostasis. More specifically de- 
scribed, a left-hand ankle pulse wave ML, is one which 
is detected when cnemlal veins do not have phlebosta- 
sis, and a right-hand ankle pulse wave ML 2 Is one which 
is detected when cnemlal veins have phlebostasis. 
Since the amplitude A of each heartbeat-synchronous 
pulse of the ankie pulse wave ML decreases as the de- 
gree of phlebostasis of the creminal veins increases, it 
is possible to find phlebostasis based on the rate of 
change of amplitude A of the ankle pulse wave ML 
[0054] Hereinafter, there wilt be described other ve- 
nous thromboembolism preventing apparatuses, as 
second to sixth embodiments of the present invention, 
each of which employs a phlebostasis judging means. 
[0055] Fig. 7 shows a venous thromboembolism pre- 
venting apparatus 1 10 as the second embodiment of the 
present Invention, In Fig. 1 , the apparatus 110 includes 
an upper-arm cuff 116 which is adapted to be wound 
around an upper arm 114of a patient 112 who is taking 
a face-up position; a right-femur cuff 120R and a left- 
femur cuff 12DL which are adapted to be wound around 
a right femur 118R and a left femur 11 8L of the patient 
112; and a right-ankle cuff 124R and a.ieft-ankie cuff 
1 24L which are adapted to be wound around a right an- 

of the cuffs 116, 120, 124 provides a pressing band 
which presses a body portion of the patient 12 around 
which the each cuff is wound, and the each cuff has the 
same structure as that of an inflatable cuff which is used 
in a blood-pressure measurement. Mo re specifically de- 



scribed, each cuff 1 1 6, 120, 1 24 includes a belt-like out- 
er bag which is formed of non-stretehable cloth or poly- 
ester and a rubber bag accommodated In the outerbag. 
The upper-arm cuff 1 1 6 has a width of 1 3 cm, each femur 
cuff 1 20 has a width of from 1 6 to 20 cm, and each ankfe 
cuff 124 has a width of 1 2 cm. 
[00563 The upper-arm cuff 11 6 is connected to a pres- 
sure control valve 1 28 and a pressure sensor 1 30 via a 
piping 1 26. The pressure control valve 128 andthe pres- 
sure sensor 1 30 cooperate with each other to provide a 
pressure control device 132 which controls an air pres- 
sure in the upper-arm cuff 116. More specifically de- 
scribed, the pressure control valve 128 reduces, based 
on the pressure in the upper-arm cuff 116 detected by 
the pressure sensor 130, I.e., an upper-arm cuff pres- 
sure Py, the pressu re of a pressurized air supplied from 
the aim pump 1 36 via the piping 134, thereby controlling 
Ihe pressure in the upper-arm cuff 116, I.e., the upper- 
arm cuff pressure Py. 

[0057] A pressure signal Spy representing the upper- 
arm pressure PL) detected by the pressure sensor 130, 
is supplied to an electronic control device 140 via an A/ 
D converter, not shown. 

[0058] The right and left femur cuffs 1 20 and ihe right 
and left ankie cuffs 124 are connected to respective 
pressure control devices 150, 152, 154, 158 via respec- 
tive pipings 142, 144, 146, 148. Each of the pressure 
control devices 150, 152, 154, 156 has the same con- 
struction as that of the pressure control device 132, and 
is connected to the air pump 1 36 via the piping 1 34. Re- 
spective pressure signals SP F r, SP a , SPftfj, SP AL rep- 
resenting a right-femur cuff pressure P FR , a left-femur 
cuff pressure Pp,_, a right-ankle cuff pressure P AR , and 
a (eft-ankle cuff pressure P AL , detected by respective 
pressure sensors, not shown, of the pressure control de- 
vices 150, 152, 154, 156, are supplied to the control de- 
vice 1 40 via respective A/D converters, not shown. 
[0059] The control device 140 is provided by a so- 
called microcomputer including a CPU 1 56, a ROM 1 60, 
a BAM 162, and an I/O port, not shown. The CPU 158 
processes signals according to control programs pre- 
stored in the ROM 160 by utilizing a temporary-storage 
function of the RAM 162, and supplies control signals to 
the air pump 1 36 and the pressure control devices 1 32 , 
150, 152, 154, 156 via the I/O port 
[0060] Fig. 8 is a block diagram for explaining essen- 
tial functions of the control device 140, In the figure, an 
upper-arm blood-pressure (BP) determining means 1 70 
includes a signal-filter means which subjects the upper- 
arm cuff-pressure signal SPy supplied from the pres- 
sure control device 132, to a digital filter, and thereby 
provides a direct-current component of the cuff-pres- 

an alternate-component of the signal SPy, i.e., a pulsa- 
wave signal ACy. The upper-arm BP determining 
means 170 controls the air pump 136 andthe pressure 
control device f 32 at a prescribed BP-measurement 
starting period T B , so that a pressing pressure P UDC of 
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the upper-arm cuff 116, represented by the static-pres- 
sure signal DC 0 | is quickly increased up to a prescribed 
target pressure P M1 {e.g., about 180 mmHg) and sub- 
sequently the pressing pressure P uoc is slowly de- 
creased at a rate of 3 mmHg/sec. Based on the change 
of respective amplitudes of heartbeat-synchronous 
pulses of a pulse wave represented by the pulse-wave 
signal AC U continuously obtained during the stow defla- 
te n of the upper-arm cuff 116, the BP determining 
means 170 determines a systolic BP value UBP SVS , a 
mean BP value U8P MEAN , and a diastolic BP value UB- 
P DLA of the uppe r arm 1 1 4 of the patient 112, according 
■to a well-known osciliometric method. Since, in the 
present embodiment, the upper-arm cuff 116, the pres- 
sure control device 1 32, and the upper-arm BP deter- 
mining means 170 cooperate with one another to meas- 
ure the upper-arm BP values UBP, those elements 116, 
132, 1 70 cooperate with one another to provide an up- 
per-arm BP determining device 171, 
[0061] A right-ankle BP determining means 1 72 has 
the same function as that of the upper-arm BP 
determining means 170. More specifically described, 
the right-ankle BP determining means 172 controls the ■ 
air p ump 1 36 and the pressure control device 1 54 at the 
BP-measurement starting period T B , so that a pressing 
pressure Pardc of tne right-ankle cuff 124R, 
represented by the static-pressure signal DC An of the 
right-ankle cuff -pressure signal SP^, is quickly 
increased up to a prescribed target pressure P M2 {e.g., 
about 240 mmHg) and subsequently the pressing 
pressure P ABD c ' s stowiy decreased at a rate of 3 
mmHg/sec. Based on the change of respective 
amplitudes of heartbeat-synchronous pulses of a pulse 
wave represented by the pulse-wave signal AC m 
continuously obtained during the slow deflation of the 
right-ankle cuff 124R, the BP determining means 172 
determines a systolic BP value ARBP SYS , a mean BP 
value ARBP MEAN , and a diastolic BP value ARBP D1A of 
the right ankle 1 22R of the patient 1 12, according to the 
well-known osciliometric method, Like the right-ankle 
BP determining means 1 72, a left-ankle BP determining 
means 1 74 determines a systolic B P value ALBP SY s> a 
mean BP value ALBP MEAN , and a diastolic BP value 
ALBPusa of the left ankle 122L of the patient 112, Thus, 
. in the present embodiment, the right-ankle cuff 124R, 
the pressure control device 1S4, and the right-ankle BP 
determining means 172 cooperate with one another to 
provide a right-inferior-lfmb BP determining device 173; 
and the left-ankle cuff 1 24L, the p ressure control device 
156, and the Isft-ankle BP determining means 174 
cooperate with one another to provide a left-inferior-limb 
BP determining device 175. 

> [0062] - : A- BP-measurement startfng*means' 1 76 peri- : 
odically causes, at the prescribed BP-measurement 
starting period T B , the. upper-arm BP 'determining 
means 1 70 to perform an upper-arm BP measuring op- 
eration, the right-ankle BP determining means 172 to 
perform a right-ankle BP measuring operation, and the 



left-ankle BP determining means 174 to perform a left- 
ankle BP measuring operation. The BP-measurement 
starting period T B is prescribed at, e.g., 30 minutes. 
{0063} A BP-comparison-value determining means 

s 178 determines a right-side comparison value ABP R 
based on the upper-arm diastolic BP value UBP D1A de- 
termined by the upper-arm BP determining means 170 
and the diastolic BP value ARBP D)A determined by the 
right-ankle BP determining means 1 72, and additionally 

10 determines a left-side comparison value A BP L based 
on the upper-arm diastolic BP value UBP KA and the di- 
astolic BP value ALBP D | A determined by the lelf-ankle ' 
BP determining means 174. The right-side comparison 
value ABP R may be a difference or a ratio of the upper- 

15 ami diastolic BP vaiue UBP D1A and the diastolic BP val- 
ue ARBP D!A , i.e., (ARBP DtA - UBP DJA ) or {ARBP D , A /UB- 
P D1A ); and the left-side comparison value ABP L may be 
a difference or a ratio of the upper-ami diastolic BP val- 
ue UBP D1A and the diastolic BP value ALBP D!A , i.e., 

20 (ALBP D1A - UBP D1A ) or (ALBP DIA /UBP D1A ). 

[0064] When cnemial veins, not shown, of the patient 
112 have phlebostasis, the rate of decreasing of blood 
pressure aftersystolic blood pressure, at a portion of the 
patient 112that is located on a proximal side of thecne- 

25 mlal veins, lowers because there is phlebostasis on a 
distal side of the cnemial veins. However, since the de- 
creasing of biood pressure after systolic blood pressure 
lasts In a substantially constant duration only, th e diasto- 
lic blood pressure at the proximal side of the cnemial 

30 veins increases. Thus, when the cnemial veins have 
phlebostasis, the diastolic blood pressure at She proxi- 
mal side of the veins Increases, but the influence of the 
phtebostasis decreases as the distance from the veins 
increases. Therefore, the upper arm 11 4 is free of the 

35 influence pf phlebostasis of the cnemial veins. Accord- 
ingly, When phlebostasis occurs to the cnemial veins, 
the right-side or left-side BP comparison value ABP 
changes. Thus, the BP comparison value ABP Is a sort 
of phlebostasis-relating information that changes in re- 

io latlo n to phlebostasis of the cnemiaf veins of the patient 
112; and the BP-comparison-value determining means 
1 78 functions as a phlebostasis-reiating-information ob- 
taining means. 

[00S5] A phlebostasis j udging means 1 80 Judges that 

« the cnemial veins of the patient 112 have phlebostasis, 
when the BP comparison value ABP determined by the 
BP-comparison-value determining means 178 is great- 
er than a reference value TH BP which is determined in 
advance based on experimental results. The reference 

so value TH B p can be said as an upper limit of a reference 
range which does not have a lower limit As described 
previously, when phlebostasis occurs to the cnemial 

^.--velnsy-the BP comparison value A BP ehanges-s-For- ex- ~ 
ample, in the case where the difference (ARBP 0!A - UB- 

55 Ppy\) {or (ALBP DtA - UBP D]A )} between the upper-arm 
diastolic BP value UBP DIA and the right-ankle (or left- 
ankle) diastolic BP value ARBPqia for ALBP D1A ) is de- 
termined as the BP comparison value A BP, the BP com- 
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parison value A BP increases when phlebostasis occurs 
to the cnemiai veins. Hence, the phlebostasis judging 
means 160 Judges that the cnemiai veins have phlebos- 
tasis, when any one of the BP comparison values ABP 
ileratlvely determined by the BP-comparison-value de- 
termining means 1 78 is greatertnan the reference value 
THgp. 

{0086] A blood-flow promoting means 182 operates, 
when the phlebostasis judging means 160 judges that 
the cnemiai veins of the right leg of the patient 112 have 
phlebostasis, the pressure control device 154 to control 
the right-ankle cuff 124R so as to press the right ankle 
122R and subsequently, while causing the cuff 124Rto 
continue pressing the right ankle 122R, operates the 
pressure control device 150 to control the right-femur 
cuff 1 20R so as to press the right femur 11 8R. Then, the 
respective pressing pressures of the right-ankle cuff 
124R and the right-femur cuff 120R are released. Thus, 
the flow of blood in the cnemiai veins of the right leg Is 
promoted, 

[0067] Similarly, when the phlebostasis judging 
means 1 B0 judges that the cnemiai veins of the left leg 
of the patient 112 have' phSebostasis, the blood-flow pro- 
moting means 1 82 operates the pressure control device 
1 56 to control the left-ankle cuff 1 24L so as to press the 
left ankle 122L and subsequently, while causing the cuff 
124L to continue pressing the left ankle 1 22L, operates 
the pressure control device 152 to control the left-femur 
cuff 1 20L so as to press the left f emu r 1 1 BL Then, the 
respective pressing pressures of the left-ankle cuff 1 24L 
and the left-fernur cuff 1 20L are released. Thus, the flow 
of blood in the cnemiai veins of the left leg is promoted. 
However, the blood-flow promoting means 182 may be 
modified such that when the phlebostasis judging 
means 1 80 judges that the cnemiai veins of at least one 
of the right and left legs of the patient 112 have phlebos- 
tasis, the blood-flow promoting means 1 82 operates the 
two pressure control devices 154, 156 to control the 
right-ankle and left-ankle cuffs 124R, 124L so as to 
press the right and left ankles 122R, 1221 and subse- 
quently, whs ie causing the cuffs 1 24R, 1 24L to continue 
pressing the right and left ankles 122R, 122L, operates 
the two pressure control devices 1 50, 1 52 to control the 
right-femur and left-femur cuffs 120R, 1201 so as to 
press the right and left femurs 11 BR, 118L In this case, 
the flow of blood in the cnemi ai veins of each of the right 
and left legs Is promoted. 

[0068] Fig. 9 shows a flow chart representing a contro! 
program according to which the control device 140 
shown in Fig. 7 operates. 

10069] First, at Step SC1 (hereinafter, "Step" is omit- 
ted) of Fig. 9, atimert is reset to zero and then, atSC2 f 
oiei i d timer 

[0070] At SC3, the control device 140 judges whether 
a time represented by a number counted by the timer t 
has exceeded the prescribed BP-measurerrient starting 
period T B . If negative judgment is made at SC3, SC2 
and SC3 are repeated, white an elapsing time is meas- 



ured by the timer t. 

[00713 Meanwhile, if a positive judgment is made at 
SG3, the control goes to SC4, i.e., the BP measuring 
routine corresponding to the upper-arm BP determining 

s mearss 170, the right-ankle BP determining means 172, 
and the left-ankle BP determining means 1 74. Thus, the 
BP value UBP ai the upper arm 1 1 4, the BP value ARBP 
at the right ankle 122R, and the BP value ALBP at the 
left ankle 122L are simultaneously determined. The BP 

n» measuring routine at SC4 will be described below in de- 
tail by reference to the Mow chart of Fig. 10, 
[0072] At S01 of the BP measuring routine of Fig, 1 0, 
the air pump 136 is started, and the pressure control 
devices 132, 154, 156 are operated, so that the respee- 

'5 tive pressing pressures P UDC , Pare©. Paldc of *e up- 
per-arm cuff 116, the right-ankle cuff 1 24R, and the left- 
ankle cuff 124L are increased. 
[0073] At SD2, the control device 1 40 judges whether 
each of the three pressing pressures P UD0 , P ARDC , 

20 Paldc nas exceeded acorresponding one of the respec- 
tive prescribed target pressures P M . Th e target pressure 
P M1 corresponding to the upper arm 114 is prescribed 
at, e.g., 1 80 mmHg; and the target pressure P^corre- 
spondbig to the ankles 22 Is prescribed at, e. g„ 240 mm- 

25 Hg. 

[0074] While negative judgments are made at SD2, 
Steps SD1 and SD2 are repeated, while the pressing 
pressures P UDC , Pjwdo> p ai.dc of me cuf f s 11 6 > are 
continuously Increased. Meanwhile, if a positive judg- 
msnt is made at SD2, the contro! goes to SD3 to stop 
the air pump 136 and control the respective pressure 
control valves of the pressure control devices 132, 154, 
156, so that the respective pressing pressures 
p ardc> Paldc °f upper-arm cuff 116, the right-ankle 
35 cuff 124R, and the left-ankle cuff 1241 are slowly de- 
creased at the rate of 3 mmHg/sec. 
■ [0075] At SD4, the control device 140 subjects the up- 
per-arm cuff-pressure signal SP y , the right-ankle cuff- 
pressure signal SP An , and the left-ankle cuff-pressure 
<» signal SP^ supplied thereto during the slow deflation 
of the cuffs 1 1 6, 1 24R, 1 24L, to the digital filter, so as to 
extract the respective putse-wave signals ACu, AC^, 
AC AL from the three cuff-pressure signals SPy, SP^, 
SP At . Based on a time-wise change of respective am- 
is pfitudes of successive heartbeat-synchronous pulses of 
the pulse wave represented by each of the three pulse- 
wave signals AC U , AC^,, AC^, the control device 140 
determines a systolic BP value BP SYS , a mean BP value 
sp meah> a diastolic BP value BP DtA of a corre- 
so spending one of the upper arm 114, the right ankle 
1 22R, and the ieft ankle 1 22L of the patient 112, accord- 
ing .to the well-known osciilometric BP determining al- 



F0076J At SD5, the control device 1 40 judges whether 
55 the current BP measurements have been finished, by 
judging whether the respective diastolic BP values 
BPpy^ of the upper arm 114, the right ankle 122R, and 
1 221. that are to be determined according 
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to the oscillometric BP determining algorithm, last at 
SD4, have been determined. While negative judgments 
are made at ED5, Steps BD4 and SD5 are repeated, 
while the oscillometric EP determining algorithm is 
continuously carried out. 

[0077] Meanwhile, if a positive judgment is made at 
SD5, the control goes to SD6 to control the respective 
pressure control valves of the pressure control devices 
■ 132, 164, 166 so as to quickly deflate the cuffs 116, 
122R, 122L. Thus I 1he BP measuring routine is linished. 
[O078] Back to Fig. 9, the control goes to SC5 and 
SC6 corresponding to the BP-comparison-value deter- 
mining means 175. First, at SCS, a right-side BP com- 
parison-value ABP R Is determined by subtracting the 
upper-arm diastolic BP value. UBP D | A determined at 
SC4, from the right-ankle diastolic BP value ARBP D1A 
and, then, atSC6, a left-side BP comparison-value AB- 
P L Is determined by subtracting the upper-arm diastolic 
BP value USP^ from the left-ankle diastolic BP value 
ALBP D!A . 

[0079] At SC7 corresponding to the phlebostasis 
judging means 180, the control device 140 judges 
whether either one of the two BP comparison-values 
ABP n , ABP L determined at SCS and SC6 is greaterthan 
the prescribed reference value TH 8P . If neither of the 
two BP comparison-values A BP R , A BP L is greaterthan 
the prescribed reference value TH BP , a negative judg- 
ment is made at SC7. and Steps SC1 toSC7are repeat- 
ed. Meanwhile, if either of the two BP comparison-val- 
ues ABP R , ABP L Is greater than the prescribed refer- 
ence value TH BP , a positive judgment is made at SC7, 
and the control goes to SC8 corresponding to the blood- 
ftaw-promotion control routine. Then, the control goes 
backtoSd. 

[0080] The blood-flow-promotion control routine at 
SCS is.carried out according to the flow chart of Fig. 11 . 
Fig; 12 shows a graph representing respective time- 
wise, changes of the respective pressing pressures 
Pfrdc. p ardc of the right-femur cuff 120R and the right- 
ankle cuff 124R according to the blood-flow-promotion 
control routine of Rg. 11. First, at SE1 of Fig. 11,atlmer 
t Is reset to zero and, at SE2, .the control device 140 
increases, for (he right or left leg which has been Judged 
to have phlebostasis at SC7 of Rg. 9 {here, it is assumed 
that the right leg has been judged to have phlebostasis), 
the pressing pressure P ARDC of the right-ankle cuff .1 24R 
at a prescribed rate. 

[0061] At SE3, one is added to the number counted 
by the timer t and, at SE4, the control device 140 judges 
whether a time represented by the number counted, by 
the timer t has exceeded a prescribed elapsing timet a . 
While negative judgments are made at SE4, Steps SE3 
- ■.^and;SE4.are repeated-whlle.'ari"elapslng-time'ls meas^- 
ured by the timer t. Meanwhile, if a positive judgment is 
made at SE4, the control goes to SE5 to Increase, at a 
prescribed rate, the pressing pressure P^pc of the 
right-femur cuff 120R, i.e., the femur cuff 120 worn on 
the same leg as that on which the inflation of the ankle 



cuff 124 had been started at SE2. 
FJ0OS2] At SE6, the control device 140 judges whether 
the pressing pressure Pardc °f the right-ankle cuff 124R 
has exceeded a prescribed target pressure P M3 , if a 

s negative judgment is made at SE6, SE6 is repeated 
while the increasing of the pressing pressure P ARDC of 
the right-ankle cuff 124R is continued. Meanwhile, If a 
positive judgment is made at SEE, the control goes to 
SE7 to operate the pressure control device 154 to stop 

10 !he inflation of the right-ankfe cuff 124R and keep the 
pressing pressure P ARDC at the prescribed target pres- 
sure P M3 , The target pressure P M3 Is prescribed at a 
pressure, e.g., 60 mmHg, that is higher than a normal 
. Wood pressure in cnemial veins. 

is [0OS3] Next, at SE8, the control device 140 judges 
whether the pressing pressure P^rdc^ the right-femur 
cuff 120R has exceeded the prescribed target pressure 
P M3 . If a negative judgment is made at SE8, SEfi is re- 
peated while the Increasing of the pressing pressure' 

20 Pfrdc of the right-femur cuff 1 2QR is continued. Mean- 
while, if a pos itive judgment is made at S E8, the control 
goes to SE9 to operate the pressure control device 150 
to stop the inflation of the right-femurcuff 1 20R and keep 
the pressing pressure Pfrdc ai the prescribed target 

ss pressure P^. 

[0QB4] Then, atSE1 0, thetimert is reset again to zero 
and, at SE11 , one is added to the number counted by 
the timer t' At SE12, the control device 140 judges 
whether the time represented by the number counted 

so by the timert has exceeded a prescribed pressure-keep 
duration T c . While negative judgments are made at 
SE12, Steps SE11 and SE12 are repeated while an 
elapsing time is measured by the timert. Meanwhile, if 
a positive judgment is made at SE12, the control goes 

35 to SE13 to release the respective pressing pressures 
Pardc Pfrdc Df tne right-ankle cuff 1 24R and the right- 
famurcuff 1 20R. Thus, the blood-flow-promotion control 
routine is finished. 

[0085] As is apparent from the foregoing description 

40 of the second embodiment, the phlebostasis judging 
means 180 (SC7) judges that the cnemial veins have 
phlebostasis, based on whetherthe BP comparison val- 
ue ABP determined by the BP-comparison-value deter- 
mining means 178 (SAC and SAC) Is greaterthan the 

*s prescribed reference value TH BP . Only when the cne- 
mial veins Is judged to have phlebostasis, the blood-flow 
prornottng means 182 (SCB) operates the ankle cuff 124 
and the femur cuff 120, In this order, to sequentially 
press the inferior limb and thereby promote the flow of 

so Wood In the cnemial veins. Thus, the number of pressing 
limes can be minimized. 
• [0086] Next, there wili be described a third embodi- 

!ife*Kment-of represent inventionrThe same reference iup- • 
merals as used In the second embodiment are used to 

ss designate the corresponding .elements and parts of the 
third embodiment. 

[0087] Fig. 13 shows another venous thromboembo- 
lism preventing apparatus 190 as th e third embodiment 
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of the present invention. The present apparatus 190 is 
basically simitar to the preceding apparatus 110 and is 
different from the same 11 0 oniy in that the present ap- 
paratus 1 90 does not employ the upper-arm cuff 1 1 6, or 
the pressure control device 132 connected to .the cuff 
1 1 6, and that a control device 1 40 of the present appa- 
ratus 190 have different functions than those of the con- 
trol device 140 of the preceding apparatus 110. 
£0088J Fig. 1 4 is a block diagram forexplaining essen- 
tial functions of the control device 140 of the present 
apparatus 190. In the figure, an ankie-cuff-pressure 
control means 192 controls the air pump 136 and the 
pressure control devices 154, 156, so that respective 
pressing pressures P^dc. P auoc °* right-ankle and 
left-ankle cuff 124R, 124L are increased up to a pre- ' 
scribed target pressure (e.g., from 20 to 30 mmHgj 
that is sufficiently lower than a mean BP value BP MEAN 
. of the patient 112. After the pressing pressures P mac , 
p fiXDC we kept at the prescribed target pressure P M4 for 
a prescribed time duration, those pressures P ARDC , 
p aldc are decreased to the atmospheric pressure. In 
the state in which the respective pressing pressures 
p ardo p aidc of the right-ankle and left-ankle cuff 1 24R, 
124L are kept atthe prescribed target pressure P m , the 
respective pressure sensors (not shown) of the pres- 
sure control devices 154, 156 detect respective ankle 
pulse waves MLp,, ML t as respective pressure pulse 
waves which are produced by respective arteries of the 
right and left ankles and are propagated to respective 
ankle skins or the right-ankle and left-ankle cuffs 124R, 
124LTnU5, in the present embodiment, the right-ankle 
cuff 124R, the pressure control device 154, and the an- 
kle-ouff-pressure control means 1 92 cooperate with one 
anotherto provide a first pressure-pulse-wave detecting 
device or a right-inferior-limb-pulse-wave detecting de- 
vice; and the left-ankle cuff 124L, the pressure control 
device 156, and the ankte-cuff-pressure control means 
192 cooperate with one another to provide a second 
pressure-pulse-wave detecting device or a left-inferior- 
Hmb-puise-wave detecting device. 
[0089] An inferior-limb-pulse-wave-aimplltude deter^ 
mining mean's 194 iteratively determines an amplitude 
A R of each of successive heartbeat-synchronous pulses 
of the right-ankie pulse wave ML R , and an amplitude A L 
of each of successive heartbeat-synchronous pulses of 
the left-ankle pulse, wave MLj_, which pulse waves are 
detected by the respective not -shown pressure sensors 
of the pressure control devices 154, 155 in the state in 
which the respective pressing pressures Pardc. p aldc 
of the right-ankle and left-ankie cuff 1 24R, 1 241 are kept 
at the prescribed target pressure P^ by the ankie-cuff- 
pressure control means 192. 

which are detected by the above-described right or [eft 
inferior-limb-pulse-wave detecting device when cnemial 
veins do not have phiebostasis and when cnemial veins 
have phiebostasis, More specifically described, a left- 
hand ankle pulse wave ML, Is one which is detected 



when cnemial veins do not have phiebostasis, and a 
right-tend ankle pulse wave ML 2 Is one which is detect- 
ed when cnemial veins have phiebostasis. As shown in 
fig. 8, the amplitude A of each heartbeat-synchronous 

5 pulse of the ankle pulse wave ML, I.e., the pressure 
putee wave propagated to the ankle cuff 124 Wound 
around the ankle 122 of the patient 112 decreases as 
the- degree of phiebostasis of the cremtnal veins of the 
paSent 112 increases. 

io [0091] The ankle pulse wave ML propagated to the 
ankle cuff 1 24 consists essentially of the pressure pulse 
. wave produced by the arteries of the ankle 1 22. Those 
arteries are located upstream of the cnemial veins. 
When phiebostasis occurs to the cnemial veins, the puh 

1$ sation of the arteries located upstream of those veins 
decreases. Therefore, when the cnemial veins have 
phiebostasis, the amplitude A of the ankle pulse wave 
ML decreases. However, the influence of phiebostasis 
decreases as the distance from the veins increases. 

20 Thus, the inferior-limb-pulse-wave detecting device 
needs to detect a pulse wave from a distal-side portion 
of an Inferior limb that Is located on a distal side of its 
knee, more preferably, Its calf as in the third embodi- 
es [0092] An amplltude-change-value determining 
means 196 determines a change value AA R of each of 
the amplitudes Ar of the right-ankle pulse wave MLr 
that are iterathrely determined by the inferior-Simb-pulse- 
wave-ampiitude determining means 1 94, and a change 

30 value AA L of each of the am plitudes A L of the left-ankle 
pulse wave ML L that are iterativefy determined by the 
determining means 194. The amplitude change value 
AA R , AA(_ may be a difference, or a ratio, of each current ' 
amplitude A from or to at least one past amplitude de- 

35 termified at least one preserved time before, or a differ- 
ence, or a ratio, of each current amplitude A from or to 
at least one Initial amplitude determined immediately af- 
ter the current operation of the apparatus 190 is initiated. 
When the degree of phiebostasis of the cnemial veins 

w of the right leg increases, the amplitude change value 
AA R changes. Similarly, when the degree of phlebosta- 
sisofthecnemialveinsoflheieftleg increases.theam- ' 
plitude change value A A L changes. Thus, the amplitude 
change value A A (A A R or A AJ is asort of phtebostasls- 

<s relating Information, and the amplitude-change-value 
determining means 196 functions as the phlebostasis- 
reiatlng-informatlon obtaining means. 
[0093] A phiebostasis judging means 1 98 Judges that 
the cnemiaJ veins of the patient 112 have phiebostasis, 

so when the amplitude change value A A determined by 
the amplitude-change-vaiue determining means 1 98 is 
smaBer than a reference value TH A which is determined 

^WaoValfcVBased or <y i! , u Its The refer- " 

ence value TH A can be said as a lower limit of a refer- 

bs ence range which does not have an upper limit. When 
the phlebostasisjudging means 198 judges thatthecne- 
mial veins of the right or left leg of the patient 112 have 
phiebostasis, a blood-flow promoting means 182 oper- 
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ates, as described previously, to promote the flow of 
blood In the cnemial veins of the leg in problem only, or 
both the right and left legs. 

[0094] Fig. 1 5 shows a flow chart representing a con- 
trol program according to which the control device 140 
shown Irt Fig. 13 operates. 

[0095] First, at Step SF1 corresponding to the ankle- 
cuff-pressure control means 1 92, the control device 1 40 
operates the pressure control devices 154, 155 to in- 
crease the respective pressing pressures Pf^oc- Paldc ' 
of the right and left ankle cuffs 124R, 124L up to the 
target pressure P M4 , 

(0O96| At SF2, in the state established at SF1, the 
control device 140 read in ten heartbeat-synchronous 
pulses of the right-ankle pulse wave MLr, andten heart- 
beat-synchronous pulses of the left-ankle pulse wave 
MLj_, which puise waves are detected by the respective 
not-shown pressure sensors of the pressure control de- 
vices 154, 1SS. However, it is possible to read in a single 
heartbeat-synchronous pulse, or a prescribed number 
(greater than one) of pulses, or read In pulses in a pre- 
scribed time duration. 

[00971 After the ten pulses of the right-ankle pulse 
wave ML H and the ten pulses of the left-ankle pulse 
wave Ml F are read In at SF2, the control goes to SF3 
to operate the pressure control devices 154, 156 to de- 
crease the respective pressing pressures of the two an- 
klecuffs 124R, 124Ldowntothea1rnosphericpressure. 
Then, at SF4 corresponding to the inferior-fimb-pulse- 
wave-amplltude determining means 194, the control de- 
vice 1 40 determines respective amplitudes A R of the ten 
pulses of the right-ankle pulse wave ML R , and respec- 
tive amplitudes A L of the ten pulses of the left-ankle 
pulse wave ML F , which pulses had been read In at SF2. 
Subsequently, at SF5, the control device 140 deter- 
mines an average A w of the ten amplitudes Ap,, and 
an average A wv of the ten amplitudes A L , which ampli- 
tudes had been determined at SF4. The thus deter- 
mined average A flAV , A uv are stored in a prescribed 
portion of the RAM 162. 

[0098] At SF6, a timer t is reset to zero and, at SF7, 
one is added to a number counted by the timer t. Sub- 
sequently, at SF8, the control device 140 judges wheth- 
eratirtle represented by the number counted by the tim- 
er t has exceeded a prescribed Judging period T D . The 
judging period T D is employed to periodically judge 
whether cnemial veins have phlebostasis. While nega- 
tive judgments are made at SF6, Steps SF7 and SF8 
are repeated, while an elapsing time is measured by the 
timer f. 

[0099] Meanwhile, if a positive judgment is made at 
S F8, the control goes to Steps SF9 to SF1 3 that are the 
- .•'sara&asStepsSF4!toSF5v1r! ; shoit,iatSff9;-'therespec~=i- 
five pressing pressures P ARDC , Paidc ^ tne r[ S nt and 
left ankle cuffs 1 24R, 124L are increased up to the target 
pressure P M4 . At SF10, ten pulses of the right-ankle 
pulse wave ML n and ten pulses of the left-ankle pulse 
waveML t are read in. AtSFII, the respective pressing 



pressures of the two ankle cuffs 124R, 124L are de- 
creased down to the atmospheric pressure. At SF1 2, re- 
spective amplitudes A R of the ten pulses of the right- 
ankle puise wave ML R and respective amplitudes A|_ of 
the ten pulses of the left-ankle pulse wave ML P are de- 
termined. And, atSF13,anaverageA BAV f>ftnetenam - 
piirudss AR and an average A uv of the ten amplitudes 
Aj_ are determined, and are stored in the RAM 162. 
[0100] At SF14 corresponding to the arhpfitude- 

' change-value determining means 136, the control 
device 140 determines, as the right-inferior-limb 
amplitude change value AA R , a ratio of the current 
average determined and stored at SF13 to the 
initial average A RW determined and stored at SF5, and 

' determines, as the left-inferior-limb amplitude change 
value A \, a ratio of the current average A wv 
determined and stored at SF13 to the Initial average 
Aj^y determined and stored at SF5. 
P101] Next, at SF1 5 corresponding to the phlebosta- 

i sis judging means 1 98, the control device 1 40 judges 
whether at least one- of the two amplitude change value 
A A R , A A|_ determined at SF14 is smaller than the pre- 
scribed reference value TH A . As the degree of phlebos- 
tasis of the cnemial veins increases, the amplitude Ade- 

> termlned at SF12 decreases and accordingly the ampli- 
tude change value A A (A A R or A AJ determined at 
SF1 4 decreases. Therefore, the phlebostasis can be 
found by judging whether the amplitude change value , 
AA R or A Al is smaller than the prescribed reference val- 

» ueTH A . 

[0102] ff a negative judgment Is made at SF15, that 
is, if the cnemiai veins do not have phlebostasis, Step 
SFB and the following steps are repeated, so that at the 
judging period T 0 , it is periodically judged whether the 
; cnemial veins have phlebostasis. Meanwhile, if a posi- 
tfv& judgment is made atSF15, i.e., if the cnemial veins 
have phlebostasis, then the control goes to SPifi, I.e., 
the previously-described blood-flowrpromotlon control 
routine shown in Fig. 11 , sd that the flow of blood In the 

> cnemial veins is p romofed. Th en , the control goes back 
to Step SF6 and the following steps. 

[0103] It emerges from the foregoing description of 
the third embodiment that the phlebostasis Judging 
means 198 (SF15) judges that the cnemial veins of the 
'< patient 112 have phlebostasis, based on whether the 
amplitude change value A A determined by the ampti- 
tude-change-value determining means 196 (SF14) Is 
smaller than the prescribed reference value TH A . Only 
when the cnemial veins of the patient 112 Is judged to 

> have phlebostasis, theblood-f low promoting means 1 82 
(SF16) operates the ankie cuff 124 and the femur cuff 
120, in this order, to sequentially press the inferior limb 

ifi-artd; thereby, promoted etflow-of- btood-inihff'enemials** 
veins of the inferior limb. Thus, the number of pressing 

» times can be minimized. 

fjfJ1 04] Next, there will be described a fourth embodi- 
ment of the present invention. Fig. 18 shows another 
venousthromboembolism preventing apparatus 200, as 
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the fourth embodiment of the invention, that is different 
from the preceding apparatuses 110, 190 In that the 
present apparatus 200 employs two photoelectrfc- 
pulse-wave sensors 202, 204, 
[0105] In the present embodiment, each of the two 
photoetectric-pulse-wave sensors 202, 204 provides an 
inferior-limb-pulse-wave detecting device. The two sen- 
sors 202, 204 are adapted to be worn on respective big 
toes of left and right feet of the patient 112. Each senso r 
202, 204 Includes a housing, not shown, which can ac- 
commodates a big toe of a foot; and a iight emitter and 
a light receiver, both not shown. The light emitter is a 
light source which emits, toward the skin surface of the 
patient 112, a red or Infrared light having a wavelength 
that can be reflected by hemoglobin, more preferably, a t* 
light having a wavelength of about 800 nm that is not 
influenced by blood oxygen saturation. The light receiv- 
er detects a light scattered by the skin tissue and gen- 
erates a photoeSectrie-pulse-wave signal representing a 
photoelectric pulse wave, i.e., a volumetric pulse wave 20 
eorrespondingto a volume of blood present in capillaries 
of the skin tissue. The respective photoelectric-pulse- 
wave signals generated by the photoelectric-puise- 
wave sensors 202, 204 are supplied to a control device 
140 via respective A/D converters, not shown. 45 
[0106] Fig. 1 7 Is a block diagram for explaining essen- 
tial functions of the control device 140 of the present 
apparatus 200. The functions of the control device 1 40 
of the fourth embodiment differfrom those of the control 
devices 140 of the second or third embodiment, In that so 
the present control device 140 Includes a sharpness- 
degree determining means 206 which iterativety deter- 
mines a degree of sharpness of each of successive 
heartbeat-synchronous puises of the photoelectric- 
pulse-wave signal generated by each of the photoelec- 3$ 
tric-pulse-wave sensors 202, 204 each as the inferior- 
limb-pu!se-wave detecting device; and a sharpness~de- 
gree^changa-value determining means 208 which Iter- 
atively determines a change value of each of the sharp- 
ness degrees iteratively determined by the sharpness- to 
degree determining means 206. 
[0107] The degree of sharpness means a degree of 
upward projection of each heartbeat-synchronous pulse 
of the photoelectric pulse wave. For example, as shown 
in Fig. 1 8, an area S (= S 1 + Sj) of each heartbeat-syn- 
chronous pulse of the photoelectric pulse wave can be 
determined by integrating the photoeiectric-pulse-wave 
signal with respect to a pulse period W. The degree of 
sharpness may be expressed by using a ratio, S/fW x 
L), of the area S to the product of the pulse period W 
and a peak height L, i.e., a normalized pulse area VR; 
a normalized value of a first half area S, or a normalized 



G of a gravity center of the pulse area S to the peak 
height L, i.e. , pulse pressure. 
[0108] The sharpness-degree-change-vatue deter- 
mining means 208 iteratively determines a change val- 
5 ue of each of the sharpness degrees iteratively deter 1 
mined by the sharpness-degree determining means 
206. The change value may be a difference, or a ratio, 
of each current sharpness degree from orto at least one 
past sharpness degree determined at least one pre- 
10 scribed time before, or a difference, or a ratio, of each 
current sharpness degree from orto at least one initial 
sharpness degree determined immediately after the 
current operation of the apparatus 200 is initiated. As 
the degree of phlebostasis of the cnemial veins of each 
leg Increases, the flow of blood in the veins present on 
the distal side of its knee decreases. Accordingly, the 
shape of each heartbeat-synchronous pulse of the pho- 
toelectric pulse wave becomes duller. Since the photo- 
electric-pulse-wave sensors 202, 204 are worn on the 
20 respective big toes of the two feet located on the distal 
side of the respective knees of the two legs, the sharp- 
ness degree of the photoelectric pulse wave detected 
by each of the two sensors 202, 204 increases as the 
degree of phlebostasis of the cnemial veins of the cor- 
25 responding leg increases. Thus, the sharpness-degree 
change value is a sort of phlebostasis-relating informa- 
tion which changes in relation with the degree of phle- 
bostasis of the cnemial veins; and the sharpness-de- 
gree-change-value determining means 20B functions as 
the phlobostasis-relatlng-lnformatlon obtaining means. 
[01 09] A phlebostasis judging means 2 1 0 Judges that 
the cnemial veins of the patient 112 have phlebostasis, 
when the sharpness-degree change value determined 
by the sh&rpness-degree-change-vaiue determining ■ 
means 208 Is greater than a reference value which is 
determined in advance based on experimental results. 
This reference value can be said as an upper limit of a 
reference range which does not have a lower limit. As 
the degree of phlebostasis of the cnemial veins Increas- 
es, the sharpness-degree change value determined by 
the sharpness-degree-change-value determining 
means 208 increases. Th erefore, the sharpness-degree 
change valuecan be used to find the phlebostasis of the 
cnemial veins. 
[0110] When the p 



judges that the cnemial veins of the right or left leg of 
the patient 112 have phlebostasis, a biood-flow promot- 
ing means 1B2 operates, as described previously, to 
promote the flow of blood in the cnemial veins of the ieg 
In problem only, or both the right and left legs. 
[0111] ft emerges from the foregoing description of 
' the fourth embodiment that the phlebostasis judging 
is mu ntiri i -y "1 t d n ha.1 r> a ? |i n* Iv fthepatienl 

areas 5,, S 2 are divided from each other at the peak 112 have phlebostasis, based on whether the sharp- 
indicated at one-dot chain line); or a normalized value, ness degree change value determined by the sharp- 
IAV, of a width I of each pulse at a height equal to L x ness-degree-change-value determining means 208 is 
(2/3). The normalized pulse area VR that may be called greaterthart the prescribed reference value. Only when 
as %MAP may be expressed by using a ratio of a height the cnemial veins of the patient 112 Is judged to have 
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phlebostasis, the blood-flow promoting means 1 B2 op- 
erates the ankle cuff 124 and the femur cuff 1 20, In this 
order, to sequentially press the inferior limb and thereby 
promote the flow of biood in the cnemial veins of the 
Inferior limb. Thus, the number of pressing times can be 
minimized. 

[01121 Next, there will be described a fifth embodi- 
ment of the present invention. Fig. 19 shows essentia) 
functions of a control device 140 of another venous 
thromboembolism preventin g apparatus 21 1 , as the fifth 
embodiment of the invention, that is different from the 
preceding apparatuses 1 1 0, 190, 200 in that the present 
apparatus 211 employs, in place of the two photoeiec- 
tric-pufee-wave sensors 202, 204, two weight measur- 
ing devices 212, 214. 

[0113] The two weight measuring devices 212, 214 
support respective under-knee portions of a right leg 
and a left leg of a patient 112; Here, an under-knee por- 
tion may be the entirety of a portion of a leg that is lo- 
cated on a distal side of its knee, or a part of that entire 
portion. Each of the weight measuring devices 212, 214 
Is provided by, e.g., a ioad cell. Each device 212, 214 
Iteratively measures a weight of an under-knee portion 
of a leg of the patient 112 that is placed thereon, and 
supplies a weight signa! representing the detected 
weight, to the control device 140. 
[0114] A weight-change-value determining means 
21 S Iteratively determines a change value of each of the 
weights IteraBVefy measured by each of the two weight 
measuring devices 212, 214. The change value may be 
an amount of change, or a rate of change, of each cur- 
rent weight from at least one prior weight. When phle- 
bostasis occurs to the veins of an inferior limb, the 
weight of the under-knee portion of the inferior limb in- 
creases by the amount of bl ood staying in the veins, and 
accordingly the change value of each current weight in- 
creases. Therefore, the change value of the weight of 
the under-knee portion is a sort of priiebostasis-reiating 
information, and the weight-change-value determining 
means 21 6 functions as the phiebostasis-relating-infor- 
mafJon obtaining means. 

[0115] Aphlebostasis judging means 21 8 Judges that 
the cnemial veins of the patient 112 have phlebostasis, 
when the weight change value determined by the 
weight-change-value determining means 21 8 is greater 
than a reference value which is determined in advance 
based on experimental results. This reference value can 
be said as an upper limit of a reference range which 
does not have a lower limit. As the degree of phiebos- 
tasis of the cnemial veins increases, the weight change 
value determined bytheweight-change-value determin- 
ing means 21 8 increases. Therefore, the weight change 
-.s-;iv*sfswi'---vaiue'canbe usedtof indthe phlebostasi&oMiecnemial- • 
veins. 

[0116| Next., there wB be described a sixth embodi- 
ment of the present invention. Fig. 20 shows one of two 
circumferential-length detecting devices 220, 222 of an- 
other venous thromboemboilsm preventing apparatus 



219, as the sixth embodiment of the invention, that is 
differentfrom the preceding apparatuses 1 1 0, 1 90, 200, 
211 . The one detecting device 220, shown in Fig. 20, is 
adapted to be worn on a right leg of a patient 112, and 

s the other detecting device 222, shown In Fig. 21, is 
adapted to be worn on a left leg of the patient 11 2. The 
two detecting devices 220, 222 have an identical con- 
struction. The present apparatus 219 differs from the 
fifih apparatus 21 1 in that the former apparatus 21 9 em- 

io ploys, in place of the weight measuring devices 212, 
214, the two circumferential-iength detecting devices 
220, 222. 

[0117] The right circumferential-iength detecting de- 
vice 220, as a representative of the two devices 220, 

1* 222, includes a band 224 which has a considerably 
small width and is adaptedto be wound around a portion 
of the right leg of the patient 1 12 that is located between 
its knee and its ankle 122; and a rotary-type position 
sensor 226. A spring 228 which has a considerably 

so small spring constant is fixed, at one end thereof, to an 
outer-side end portion of the band 224, and the other 
end of the spring 22B is detachably attached to a pre- 
scribed position on an outer surface of the band 224. 
The spring constant of the spring 228 is prescribed at a 

25 minimal value that can keep the band 224 wound around 
the right (eg. Therefore, the leg receives substantially 
no pressure from the band 224. The rotary-type position 
sensor 226 is provided at an inner-side end portion of 
the band 224, and includes a rotation member 230 

30 whose lengthwise direction is parallel to the widthwlse 
direction of the band 224 and which is adapted to con- 
tacttheoutersurface of the band 224. Since the rotation 
member 230 is continuously rotated as the band 224 is 
continuously moved In a circumferential direction of the 

as right leg, the rotary-type position sensor 226 continu- 
ously detects an total amount of movement of the band 
224 in the circumferential direction of the right leg, i.e., 
a total amount of change of a circumferential length of 
the portion of the right leg around which the band 224 

40 fe wound. The position sensor 226 continuously sup- 
plies a signai representing the total movement amount 
of the band 224 in the circumferential direction of the 
right leg, to a control device 140, 
[0118] Fig. 21 shows essential functions of the control 

43 device 140 of the present venous thromboembolism 
preventing apparatus 219, A circumferential-length - 
change determining means 232 iteratively determines, 
based Dn the signal continuously supplied from each of 
the right and ieft circumferential-length detecting devlc- 

50 es 220, 222, a change value of the circumferential length 
of a corresponding one of the right and left legs. The 
change value may be an amount of change, or a rate of 
- ■-■r-'-crrangevof ;each current circumferentlal length -frorn-at 
(east one prior circumferential length. When phlebosta- 

55 sis occurs to the veins of an inferior limb, the circumfer- 
ential length of any portion of the inferior limb located 
between its knee and its ankle 122 increases because 
of die amount of blood staying in the veins. Therefore, 



15 



EP 1 249 21 8 A2 



the change value of the circumferential length of the in- 
ferior limb is a sort of phlebostasis-relating Information, 
and the clrcumferentlal-length-change-value determin- 
ing means 232 functions as the phlebostasis-retatlng- 
Information obtaining means. 
[01 19] A phlebostasis judging means 234 judges that 
the veins of the inferior limb of the patient 1 1 2 have phle- 
bostasis, when the circumferential-length change value 
determined by the drcumferential-iength-change-vatue 
determining means 232 is greater than a reference val- 
ue which is determined in advance based on experimen- 
tal results. This reference value can be said as an upper 
limit of a reference range which does not have a lower 
limit. As the degree of phlebostasis of the cnemia! veins 
increases, the circumferential-length change value de- 
termined by the clrcumferentiaJ-iength-change-value 
determining means 232 increases. Therefore, the cir- 
cumferential-length change value can be used to find 
the phlebostasis of the cnemlat veins. 
[0120] While the present Invention has been de- 
scribed In its preferred embodiments by reference to the 
drawings, It Is to be understood that the invention may 
otherwise be embodied. 

[0121] For example, in the second embodiment 
shown in Fig. 7, the inferior-limb BP measuring device 
173, 1 7S is of a type which measures a BP value of the 
ankle 122 of the patient 112. However, the inferior-limb 
BP measuring device may be of a type which measures 
a BP value of a dorsai portion of foot, 
[0122] I n addition, in each of the second to sixth em- 
bodiments sh Dwn in Figs. 7 to 21 , the two Inflatable cuffs 
(i.e., pressing bands) 122, 124 are wound around each 
Inferior limb of the patient 112. However, one or more 
additional cuffs may be wound around a dorsal portion 
and/or a calf portion of the inferior limb so as to promote 
the flow of blood in the veins of the inferior iimb. • 
[Q123] in the fourth embodiment shown in Fig. 16, the 
photoelectric-pulse-wave sensor 202, 204 is worn on 
the big toe of the foot However, the photoelectric-pulse- 
wave sensor may be worn on a calf or a dorsal portion 
of the foot 

[0124] In the second embodiment shown in Fig. 8, the 
BP determining means 170, 172, 174 is designed to de- 
termine a BP value according to so-called oscillometric 
method. However, the BP determining means may be 
designed to determine a BP value according to so-called 
Korotkoff-sound method In which a cuff pressure at the 
time when the first one of Korotkoff sounds is detected 
is determined as a systolic BP value and a cuff pressure 
■ at th e time when the last Korotkoff sound Is detected is 
determined as a diastolic BP value. 
[0125] in the third embodiment shown in Fig. 14, the 
rtght'b ieff-arrtile- n 2 R 1241 tr ptessai coritro 



pulse-wave detecting device. However, since an imped- 
ance between Wo different portions located on opposite 
sides of cnemlat veins decreases when phlebostasis oc- 
curs to the veins, the inferior-iimb-pulse^wave detecting 
device may be an impedance-pulse-wave detecting de- 
vice which includes two electrodes which are worn on 
the two different portions and detects, through the two 
electrodes, an impedance pulse wave representing the 
change of impedance between the two different por- 
tions. In this case, one of the two electrodes may be 
worn on a proximal side of the calf and the other elec- 
trode may be worn on a further dista! side of the ankle 
cuff 124 worn on a distal side of the caif. 
[0126] It is to be understood that the present invention 
: may be embodied with other changes, improvements, 
and modifications that may occur to a person skilled in 
the art without departing from the spirit and scope of the 
invention defined in the appended claims . 



An apparatus (10) for preventing a venous throm- 
boemboilsm of a living subject (12), comprising: 

an Inflatable cuff (16) which Is adapted to be 
wound around a body portion {1 4) of the subject 
and applies a pressing pressure to the body 
portion so as la press the body portion and 
thereby prevent the venous thromboembolism; 
a bbod-pressure-relating-informatlon obtain- 
ing device (16, 22, 28; 30, 50) which obtains 
blood-pressure-relating information which 
changes corresponding to blood pressure of 
the subject; . 

a pressing-pressure determining means (52) 
for determining the pressing pressure of the in- 
flatable cuff, based on the blood-pressure-re- 
lating Information obtained by the blood-pres- 
sure-relating-information obtaining device, ac- 
cording to a prescribed relationship (Rg. 3) be- 
tween pressing pressure and blood-pressure- 
relating information, In which the pressing pres- 
sure increases as the blood pressure corre- 
sponding to the blood-pressure-relating infor- 
mation increases; and 

a pressing device (20, 22, 26, 54) which oper- 
ates the Inflatable cuff to appiy the pressing 
' pressure determined by the pressing- pressure 
determining means, to the body portion of the 
subject so as to press the body portion and 
thereby prevent the venous thromboembolism. 



device 154, 156, and the ankle-cuff-pressure control 
means 192 cooperate with one another to provide the 
inferior-iimb-pulse-wave detecting device; and in the 
fourth embodiment shown in Fig. 17, the photoefectric- 
pulse-wave sensor 202, 204 provides the inferior-limb- 



An apparatus according to claim 1 .further compris- 
ing a pressurlzed-fluid supplying device (20, 26) 
which supplies a pressurized fluid to the inflatable 
cuff (16) so as to Inflate the cuff, wherein the press- 
ing device (20, 22, 26, 54) comprises afluid-pres- 
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sure control device (20, 22, 54) which controls a 
pressure of the pressurized fluid present in the in- 
flatable cuff so that the cuff applies the determined 
pressing pressure to the body portion (14) of the 
subject (12). 5 

3. An apparatus according to claim 2, wherein the flu- 
id-pressure control device (20, 22, 54) comprises a 
memory (40) which stores the prescribed relation- 
ship in which the pressing pressure monotonously "> 
changes asthebiood-pressure-relating information 
changes. 

4. An apparatus according to claim 3, wherein the 
memory (40) stores me prescribed relationship In « 
wh ich the pressing pressure monotonously Increas- 
es as the blood-pressure-reiating information in- 
creases. 

5. An apparatus according to claim 3, wherein the *o 
memory (40) stores the prescribed relationship in 
which the pressin g pressure monotonously increas- 
es as the blood-pressure-relating information de- 
creases. 

25 

6. An apparatus according to any one of claims 1 to 5, 
wherein the blood-pressure-relating- Information 
obtaining device comprises a blood-pressure 8 
measuring device (16, 22, 28, 30, 50) which meas- 
ures, as the blood-pressure-relating information, 30 
the blood pressure of the subject 

7. An apparatus (110; 190; 200^211; 21 9) for prevent- 
ing a venous thromboembolism of a living subject 
(112), comprising: . ss 

at least two pressing bands (120, 124) which 
are adapted to be wound around a distal-side 
portion (122) and a proximal-side portion (118) 
of an inferior limb ofthesubjectthat are located *o 
on a distal side and a proximal side of a calf of 
the inferior limb, respectively, and which apply 
respective changeable pressing forces to the 
distal-side portion and the proxlmal-slde por- 
tion, such that a distal-side one (124) of the « 
pressing bands earlier starts applying a corre- 
sponding one of the changeable pressing forc- 
es to the distat-side portion ( 1 22) than the other, 
proximal-side pressing band (120) starts apply- 
ing the other changeable pressing force to the s0 
proximal-side portion (118), so as to promote £ 
flow of blood in veins of the inferior limb and 
A-»vf^ffi & s'^-^----t-- ■-- •thereby-prevent 'tlJe'.venous thromboerJibolismi--"—^'- 
a 'phtebostasls-retating-inforrnation obtaining 
device (1 78; 1 94, 196; 208; 21 6; 232) which ob- ss 
tains, from at least physical Information ob- 
tained from a distal-side portion (22) of the in- 
ferior limb that is located on a distal side of a 



' knee of the subject, phlebostesis-reiatinginfor- 
matfon which changes in relation with phlebos- 
tasis of the veins of the inferior limb; 
a phlebostasis Judging means (180; 198; 210; 
21 8; 234) forjudging that the veins of the infe- 
rior limb have phlebostasis, when the phlebos- 
tasis-relating information obtained by the phie- 
bostasis-relafJng-information obtaining device 
does not fal! within a reference range; and 
a blood-flow promoting means (182) for oper- 
ating, when the phlebostasis judging means 
judges that the veins of the inferior limb have 
phlebostasis, the distal-side and proximal-side 
pressing bands (120, 124) to apply the respec- 
tive changeable pressing forces to the distal- 
side and proximal-side portions (122, 118) of 
the inferlorllmb, such that the distal-side press- 
ing band (124) earlier starts applying the one 
changeable pressing force to the dlsrai-slde 
. portion (122) of the inferior limb than the prox- 
imal-side pressing band (120) starts applying 
the other changeable pressing force to the 
proximal-side portion (118) of the inferior limb, 
so as to promote the flow of blood in the veins 
of the Inferior limb and prevent the venous 
thromboembolism. 

. An apparatus according to claim 7, further compris- 



a superior-limb-blood-pressure measuring de- 
vice (1 71 ) which iterative ly measures a superi- 
or-limb blood pressure of a superior limb (114) 
of the subject (112); and 
an inferior-limb-blood-pressure measuring de- 
vice (173, 175) which iteratively measures, as 
the physical information, an inferior-SImb blood 
pressure of the distai-side portion (122) of the 
inferior limb that is located on the distal side of 
the knee, 

• wherein the phlebostasis-relating-lnformation 
obtaining device (176) iteratively obtains a piece of 
phlebostasis-relatlng Information based on each of 
the superior-limb blood pressure values iteratively 
measured by the superior-limb-blood-pressure 
measuring device and each of the inferior-limb 
blood pressure values iteratively measured by the 
Inferior-limb-bloDd-pressure measuring device, 

An apparatus according to claim 8, wherein the In- 
ferior-limb-blood-pressure measuring device (173, 
-.ii1#5).-comprises?an •.■lnflalable-cuffiv(il-24)- which- to-^aaswewK^ 
adapted to be wound around the distal-ssde portion 
(1 22) cf the inferior limb Ihat is located on the distal 
side of me knee, so as to measure the inferior-limb 
blood pressure, and wherein the distal-side press- 
ing band comprises the inflatable cuff (124). 
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10. An apparatus according to claim 7, wherein further 
comprising: 

an inferior-limb-pulse-wave detecting device 
(191) which detects, as the physical informa- 
tion, an inferior-limb pulse wave from the distal- 
side portion (122) of the inferior iirnb that is lo- 
cated on the distal side of the knee; and 
a puise-wave-amplitude determining means 
(194) for determining an amplitude of each of 
heartbeat-synchronous pulses of the inferior- 
limb pulse wave detected by the inferior-limb- 
pulse-wave detecting device, 

wherein the phlebostasis-relatlng-information 
obtaining device (196) iteratively obtains a piece of 
phlebostaste-retating Information based oi 
termined amplitude of said each of the hi 
synchronous pulses of the inferior-limb pulse wave. 

11. An apparatus according to claim 10, wherein the in- 
ferior-limb-pulse-wave detecting device comprises 
an inflatable cuff (124) which is adapted to be 
wound around the distal-side portion (122) of the 
inferior limb that is located on the distal side of the 
knee, so as. to defect the inferior-limb pulse wave, 
and wherein the distal-side pressing band compris- 
es the inflatable cuff (124). 



14. An apparatus according to claim 7, further compris- 
ing a weight measuring device (212, 214) which 
supports an under-knee portion of the inferior limb 
of the living subject (112) who is taking a face-up 
position, and which Iteratively measures a weight of 
the under-knee portion, wherein the phlebostasls- 
reiating-information obtaining device (216) itera- 
tfvery obtains a piece of phlebostasts-relating infor- 
mation based on each of the Iteratively measured 
weights of the under-knee portion. 

15. An apparatus according to claim 7, further compris- 
ing a circumferential-length measuring device (220, 
222) which fterativefy measures a circumferential 
length of a portion of the Inferior limb that Is focated 
between a knee thereof and an ankie (122) thereof, 
wherein the phlebostasis-relating-information ob- 
taining device (232) iterativeiy obtains a piece of 
phlebostasis-relBting information based on each of 
the iteratively measured circumferential lengths of 
the portion of the inferior limb located between the 
knee thereof and the ankle thereof. 



1 2. An apparatus according to claim 7, wherein further 30 
' comprising: 

an Inferior-limb-pulse-wave detecting device 
(202, 204) which detects, as the physical infor- 
mation, an inferior-limb pulse wave from the ss 
distat-side portion of the inferior limb that Is lo- 
cated on the distal side of the knee; and 
a sharpness-degree determining means (206) 
for determining a degree of sharpness of each 
of heartbeat-synchronous pulses of the Inferi- *o 
or-limb pulse wave detected by the inferior- 
limb-puise-wave detecting device, 



wherein the phiebostasis-relatingrinformatfon 
obtaining device (206) iteratively obtains a piece of <s 
phlebostasis-reiating information based on the de- 
termined degree of sharpness of said each of the 
heartbeat-synchronous pulses of the inferior limb 
pulse wave. 

so 

1 3. An apparatus according to claim 1 2, wherein the in- 
ferior-limb-pulse-wave detecting device comprises 
- - 'a ph&fcclet ric'-p'ulse « >e tensor (202/ BMP** ^wi^w^Tsw,..^ ^^iw.™^^^ 
which detects, as the inferior-limb pulse wave, a 
photoelectric puis© wave from the distal-side por- ss 
lion of the inferior limb that is located on the distal 
side of the knee. 
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FIG. 2 



CUFF 



PRESSURE . 
CONTROL VALVE 



3PUMPE 



PRESSURE 
SENSOR 



STATiC- 




PULSE- 


PRESSURE 




WAVE 


FILTER 




FILTER 


CIRCUIT 




CIRCUIT 



START/STOP 
. SWITCH 



sc 



SM 



SS 



4^ 



PRESSING- 
PRESSURE 
DETERMINING 
MEANS 



SC 



BLOOD- 
PRESSURE . 
DETERMINING 
ME ANS , 



PRESSING 
MEANS 



20 



EP 1 249 218 A2 



FIG. 3 



(rnrnHg) 




21 



EP 1249 218 A2 



FIG. 4 

( START ) 



SA1 j CUFF INFLATION STARTED" 

=37 

SA2 CUFF PRESSURE. 
* £C^PCM> * 

Tyes 

SA3 fSLOW CUFF DEFLATION STARTED 

I ~~ 

SA4 BLOOD PRESSURE DETERMINING 
ROUTINE 



SA5 1 QUICK CUFF DEFLATION^ 
i 

SA6 1 BLOOD-ROW PROMOTING 
PRESSURE PP DETERMINED 



( TO BLOOD-ROW PROMOTING ROUTINE ) 



- EP 1249 218 A2 



FIG. 5 



( BLOOD-FLOW PROMOTING ROUTINE ~) 



SB! I tH+T 




SB4 I CUFF INFLATION STARTED J 



1- CUFF PRESSURE^ 



SB6 I QUI CK CUFF DEFLATION 1 

; i 

( RETURN ) 



EP 1249 218 A2 



FIG. 6 




24 



EP1 249 218 A2 




EP1249 218A2 



FIG. 8 
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FIG. 14 
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